having a more limited specificity and a high thermal stability in cells of Brevibacillus borstelensis KAIT-B-022 isolated from soil. 10 The aim of the work reported here was to develop a costeffective and rapid method for His in fish meat extracts. The flow injection (FI) system is based on the chemiluminometric detection of hydrogen peroxide produced in an immobilized HisOx reactor:
His + O2 + H2O imidazole pyruvate + NH3 + H2O2, luminol + 2H2O2 + OH -3-aminophthalate + N2 + 3H2O + hν (ca. 420 nm),
where, over a given range of substrate concentrations, the peak luminescence intensity, resulting from the peroxidase (POx)-catalyzed chemiluminescence reaction of luminol with H2O2, is proportional to the substrate concentration. HisOx was immobilized covalently to tresylated poly(vinyl alcohol) beads (particle size 13 µm) and packed in a column (10 cm × 4.6 mm i.d.).
Experimental

Materials and reagents
HisOx (L-histidine: oxygen oxidoreductase, EC 1.4.3.-, 1 U mg -1 ) was produced in our laboratory by the fermentation of B. borstelensis KAIT-B-022. The enzyme was purifed from cellfree extracts of the KAIT-B-022 strain. A chemiluminometric flow injection analytical system for the quantitation of L-histidine is described. Histidine oxidase (EC 1.4.3.-) from Brevibacillus borstelensis KAIT-B-022 was immobilized on tresylated poly(vinyl alcohol) beads and packed into a stainless-steel column. The hydrogen peroxide produced was detected chemiluminometrically by a flowthrough sensor containing immobilized peroxidase (EC 1.11.1.7). The maximum sample throughput was 10 h -1 . The calibration graph was linear from 0.05 to 5 mM; the detection limit (signal to noise ratio = 3) was 0.01 mM. The activity of immobilized histidine oxidase reduced to 65% of the initial value after 350 injections. The system was applied to the determination of L-histidine in fish meat, such as salmon, tunny, bonito, and mackerel. enzyme was performed by a procedure involving an ammonium sulfate fraction, column chromatography on octyl-Sepharose, QSepharose, Sephacryl S-200, Resouce Q, and gel filtration with Sephacryl S-100. The enzyme had excellent specificity, catalyzing the oxidative deamination of L-His (100), β-alanyl-Lhistidine (25), histidylhistidine (13), and 3-metylhistidine (3). It
ornithine, L-citrulline, and histamine. The HisOx activity was assayed photometrically by measuring the amount of hydrogen peroxide produced from His as a substrate with 4-aminoantipyrine,
N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline (DAOS) and
POx. The properties of the HisOx were as follows: molecular weight, 117000 (gel filtrations with Sephacryl S-200 and with SDS-PAGE); structure, two subunits (64000 and 53000); Michaelis constant (Km), (His) 5.9 × 10 -4 M; optimum pH, 7.0; optimum temperature, 55˚C; pH stability, 5 -11 (37˚C, 1 h); thermal stability, below 50˚C (pH 7.0, 15 min); inhibitor, 2,2′-bipyridyl, 2-mercaptoethanol, dithiothreitol, and 1,10-phenathroline.
POx (EC 1.11.1.7, from Arthromyces ramosus, 250 U mg -1 ) was obtained from Sigma (St. Louis, USA). Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione), tresyl chloride (2,2,2-trifluoroethanesulfonyl chloride), and His were purchased from Nacalai Tesque (Kyoto, Japan) and used as supplied without further purification.
Hydrophilic vinyl polymer beads (TOYOPEARL HW-65F) and poly(vinyl alcohol) beads (GS520, particle size 13 µm) were purchased from Tosoh (Tokyo, Japan) and Showa Denko (Tokyo, Japan), respectively. The TOYOPEARL beads were sieved to obtain a 50 ± 5 µm sieve fraction.
A stock solution (5 mM) of His was prepared by dissolving in 0.2 M sodium carbonate and diluted with 0.1 M phosphate buffer (pH 7.0) just before use. A stock solution (15 mM) of luminol was prepared by dissolving in 0.2 M sodium hydrogen carbonate-0.2 M sodium carbonate buffer (pH 10.0) and the solution was stored in an amber glass bottle. The solution was diluted 100-fold dilution with the carbonate buffer before use.
Preparation of immobilized HisOx reactor
Beads (5 g of GS-520) were washed with dry acetone (50 ml) and suspended in 20 ml of dry acetone-pyridine (1:1 v/v). With vigorous magnetic stirring, 2 ml of tresyl chloride was dropwise added to the suspension over 5 min. The reaction was continued for 10 min. The beads were washed with acetone (50 ml) and then with 1 mM HCl (50 ml). The tresylate-GS-520 beads were packed into a stainless-steel column (10 cm × 4. for 6 h at room temperature. The HisOx activity in the solution was measured spectrophotometrically, as described above. HisOx was immobilized with 58 ± 5% (n = 3) yield. A Hitachi Model 200-20 UV-Vis spectrophotometer was used for spectrophotometric measurements.
Preparation of flow through cell containing immobilized POx
TOYOPEARL beads (1 g) were tresylated with tresyl chloride (1 g) in a similar manner to that described above. The tresylatebeads were packed into a transparent PFEP (poly(perfluoroethylenepropylene)) tube (20 cm length, 1.5 mm o.d., 1.0 mm i.d.) by a slurry-packing method. The end of the tubing was closed with a ceramic frit (pore size 0.5 µm). A POx solution [1 mg (250 U) in 5 ml of the phosphate buffer] was circulated through the tube at a flow rate of 0.1 ml min -1 for 3 h at room temperature. POx was immobilized 98 ± 2% (n = 5) yield.
The PFEP tube was spiralled and mounted in front of the window of a photomultiplier tube of a luminometer.
Flow system and procedure
Flow injection experiments were performed by using two Hitachi (Tokyo, Japan) L-6000 pumps, a Rheodyne 7000 sixway valve with a 20 µl loop, and a Soma (Tokyo, Japan) S-3400 luminometer that included a flow cell packed with immobilized POx and a photomultiplier tube with -900 V. Signals were recorded by a TOA (Tokyo, Japan) FBR251A recorder. The carrier [0.1 M phosphate buffer (pH 7.0)] and the luminol solution were pumped at flow rates of 0.1 and 0.2 ml min -1 , respectively, and mixed before entering a flow cell. Sample solutions were injected into the carrier solution via the valve. The reactor was kept at 45˚C. The chemiluminescence was measured at room temperature (25 ± 2˚C). The PTFE tube used in the system was 0.5 mm i.d. When not in use, the immobilized POx flow cell was stored under the same conditions as described in previous paper. 11 The present method was compared with HPLC. 2 Fish meat (2 g) was suspended in a phosphate buffer (20 ml), milled mechanically and centrifuged (13000g) for 15 min at 4˚C. The suspension was filtered with an ultrafiltration membrane (Advantec USY-1, molecular weight cut-off 10000). The filtrate was diluted to 50 ml with the phosphate buffer. The solution (20 µl) was typically injected.
Results and Discussion
Evaluation of the system
The effects of the pH, temperature, flow rate of the carrier on 96 ANALYTICAL SCIENCES JANUARY 2006, VOL. 22 Fig. 1 Effect of the pH on the chemiluminescence intensity. Fig. 2 Effect of the temperature on the chemiluminescence intensity.
the activity of the HisOx reactor were evaluated by injecting 1 mM His using the FI system. The effect of the pH was studied in the range 6.0 -8.0 using phosphate buffer by injecting 1.0 mM His (20 µl); in all runs the pH value of the waste was kept at 10.0. The maximum sensitivity was achieved at about 7.0. The effect of temperature on the peak height was examined in the range 30 -60˚C. The maximum peak height was obtained at 55˚C, as shown in Fig. 2 . The reactor was kept at 45˚C to prolong its lifetime. Under these conditions, the temperature of the inlet of the flow cell containing POx was about 30˚C. The flow rate of the carrier solution on the peak height was studied over the range 0.05 -0.3 ml min -1 , keeping the flow rate ratio of the carrier solution and the luminol solution at 1:2. Below 0.2 ml min -1 , while the peak heights were almost constant, and one higher than those decreased. A flow rate of 0.1 ml min -1 was chosen; the total flow rate in the flow cell was 0.3 ml min -1 . Under these conditions, the sample throughput was 10 h -1 . The operational stability of the reactor was evaluated over a period of one week. The reactor was used for 3 h per day (30 injections of 1 mM His), and then washed with the phosphate buffer and stored in a refrigerator when not in use. After two days no significant signal decrease could be observed, and the activity was reduced to 65% of the initial value after one week (210 injections).
The responses to His and related compounds were as follows: His (100), β-alanyl-L-histidine (8), histidylhistidine (4), and 3-metylhistidine (1). There were no peaks for D-
ornithine, L-citrulline, and histamine.
Calibration
Using the system, the peak heights were plotted against the His concentrations. A linear calibration graph was obtained for the range 0.05 -5 mM with a correlation coefficient of 0.992 (10 data points). The relative deviation for seven replicate injections of 1 mM His was 0.93%. The detection limit (signalto-noise ratio = 3) was 0.01 mM.
Application
The system shown in Fig. 1 was applied to the determination of His in salmon (Salmo·Onchorhynchus), tunny (Thunnus), bonito (Katsuwonus), and mackerel (Scomber) meat.
Recovery
The fish meat extracts of known His concentrations, which were determined by HPLC, 2 were supplemented with standard solutions of His. The recoveries were in the range 97 -99%, as shown in Table 1 .
Comparison
Six tunny meat extracts were used as samples. The results were compared with those obtained by HPLC. The results are shown in Fig. 3 . The calculated coefficient and the regression equation were 0.997 and Y = 1.010X + 0.017, respectively.
Conclusion
HisOx from Brevibacillus borstelensis KAIT-B-022 was purified to homogeneity. The enzyme has a molecular weight of approximately 117000 and consists of two subunits different in molecular weight (64000 and 53000). It has a high affinity for His (Km = 5.9 × 10 -4 M), catalyzing the oxidative deamination reaction of it and high thermal stability (heating at 50˚C for 15 min caused a slight loss of the activity). The enzyme was able to immobilized covalently on tresylated poly(vinyl alcohol) beads (Shodex GS520). The flow injection system with an immobilized HisOx reactor and chemiluminometric detection is useful for the selective and rapid measurement of His in fish meat. The reactor was stable enough to permit the measurement of 60 samples for two days. Compared with HPLC, 2 the assay time is about a quarter, but the sensitivity is about one-fiftieth lower. The sensitivity can be enhanced by using HisOx having a higher specific activity. We are now trying to prepare a higher activity HisOX from E.coli transformant. Fig. 3 Comparison between the flow injection analysis (FIA) method and HPLC for the assay of histidine in six tunny meat extracts.
